In this report, we examined the relationship between lactation and breast cancer risk, in a case-control study of breast cancer, conducted in Connecticut between 1994 and 1998. Included were 608 incident breast cancer cases and 609 age frequency matched controls, aged 30-80 years old. Cases and controls were interviewed by trained study interviewers, using a standardized, structured questionnaire, to obtain information on lactation and other major risk factors. Parous women who reported ever lactation had a borderline significantly reduced risk of breast cancer (OR = 0.83, 95% CI, 0.63-1.09). An OR of 0.53 (95% CI, 0.27-1.04) was observed in those having breastfed more than 3 children compared to those who never lactated. Women having breastfed their first child for more than 13 months had an OR of 0.47 (95% CI, 0.23-0.94) compared to those who never breastfed. Lifetime duration of lactation also showed a risk reduction while none of the ORs were statistically significant. Further stratification by menopausal status showed a risk reduction related to lactation for both pre-and postmenopausal women, while the relationship is less consistent for the latter. These results support an inverse association between breastfeeding and breast cancer risk.
A number of epidemiological studies have investigated the relationship between breastfeeding and breast cancer risk. However, the association between lactation and breast cancer risk remains inconclusive. For example, some studies suggest that the inverse association may exist only among premenopausal women (Yang et al, 1993; Newcomb et al, 1994; Katsouyanni et al, 1996) , particularly among those with a longer duration of breastfeeding (Freudenheim et al, 1997; Newcomb et al, 1999; Furberg et al, 1999) and with early age at first breastfeeding (Newcomb et al, 1999; Brinton et al, 1995) . Some studies have found a protective effect from breastfeeding only among postmenopausal women (McTiernan and Thomas, 1986; Romieu et al, 1996; Freudenheim et al, 1997; Newcomb et al, 1999) , which does not seem to vary with age at first or last lactation (Freudenheim et al, 1997; Furberg et al, 1999; Zheng et al, 2000a) . Several studies also show that it is the duration of breastfeeding for the first child, not the lifetime duration of breastfeeding, which may determine the inverse association between breastfeeding and breast cancer risk (Byers et al, 1985; Siskind et al, 1989; Romieu et al, 1996) . The results relating number of children breastfed to breast cancer risk have also been inconsistent (Yoo et al, 1992; Romieu et al, 1996; Furberg et al, 1999; Newcomb et al, 1999) .
It is of importance to clarify the relationship between breastfeeding and breast cancer risk, not only because breastfeeding is a modifiable factor, but also because understanding the role of breastfeeding may contribute to our knowledge about the aetiology of a disease with significant public health consequence (Freudenheim et al, 1997) . In this report, we present the results related to breastfeeding and breast cancer risk, based on data from a case-control study of breast cancer conducted in Connecticut between 1994 and 1997.
MATERIALS AND METHODS

Study population
A description of the study population and methods has been given elsewhere (Zheng et al, 2000b) . Briefly, cases for the case-control study were histologically confirmed, incident breast cancer patients ) who either had breast-related surgery at the Yale-New Haven Hospital (YNHH), in New Haven County, or who were residents of Tolland County, Connecticut, between January 1, 1994 and December 31, 1997. Subjects were restricted to women 30 to 80 years of age who had no previous diagnosis of cancer, with the exception of non-melanoma skin cancer, and who were alive at the time of interview.
In Tolland County, newly diagnosed cases were identified from area hospital records, by the Rapid Case Ascertainment Shared Resource of the Yale Comprehensive Cancer Center. A total of 238 Tolland County cases were identified for this study with 176 of them (74%) completing in-person interviews. Population-based controls were recruited using either random digit dialing methods for those below age 65 as described by Hartge and colleagues (Hartge et al, 1984) or, from Health Care Finance Administration files for those aged 65 and above. A total of 322 Tolland County controls were randomly selected, and 206 (64%) agreed to participate in this study. Efforts were made to frequency match the cases and controls by age (within 5-year intervals) using a 1:1 ratio by adjusting the number of controls randomly selected in each age stratum every few months. We also recruited both cases and controls from New Haven county, identified using computerized patient information from YNHH, where records of all newly performed breast-related surgeries are kept. All breast cancer patients who met the study eligibility requirements as described above, were consecutively as cases. A total of 562 incident breast cancer cases were identified from YNHH, with 433 of them (77%) completing in-person interviews. From the same YNHH computerized files, we also randomly selected 571 potential control patients who had had breast-related surgery and who were histologically diagnosed with normal tissue or benign breast diseases. Of these, 406 (71%) participated in the study. Efforts were made to frequency match the YNHH cases and controls by age (within 5-year intervals) using a 1:1 ratio by adjusting the number of controls randomly selected in each age stratum every few months. Of the 406 controls, 47 were given a normal diagnosis, 60 were diagnosed with fibroadenomas, 122 with other nonproliferative benign breast diseases, and 177 with proliferative benign breast diseases without atypia. Subjects with atypical hyperplasia were excluded from the study.
Pathological information for all the breast cancer cases and for the YNHH controls was reviewed by a single reference pathologist for diagnostic confirmation and uniform histological confirmation. Carcinomas were classified as in situ, invasive ductal, or invasive lobular, and were staged according to the TNM system (Beahrs and Myers, 1983) .
Interviews
After approval by the hospitals and each subject's physician, or following selection through random sampling, potential participants were approached by letter and then by phone. Trained study interviewers interviewed those who agreed, either in the subject's home or at a convenient location. A standardized, structured questionnaire was used to obtain information on menstrual and reproductive factors. The respondents were asked whether they had ever been pregnant, and about how many pregnancies they had had, at what age they had their first live birth, and for each live birth, whether they breastfed their infants. If their response was affirmative, the respondents were then asked about how many months they breastfed each infant, and about how many months they breastfed each infant with breast milk only, using no other food or formula.
The same questionnaire was also used to collect information on other potential confounding factors, including family cancer history, occupation, past medical history, exposure to electromagnetic fields, and demographic factors. Dietary information was collected using a scanable semi-quantitative food frequency questionnaire developed by the Fred Hutchinson Cancer Research Center. Each subject was asked to characterize her usual diet in the year prior to being interviewed. The entire interview took about 60 to 90 minutes to complete. All procedures were performed in accordance with a protocol approved by the Yale Human Investigations Committee.
Data analysis
For the purposes of this analysis, we excluded nulliparous women or women whose pregnancies did not yield live births (86 cases and 98 controls), since earlier studies suggest that a nulliparous status may carry higher risk of breast cancer, and inclusion of nulliparous women in the 'never lactated' reference category may result in a stronger or artificial inverse association (Furberg et al, 1999) . To investigate the earlier observation that breastfeeding may affect pre-and postmenopausal women differently, data were stratified by menopausal status. We presented data by number of children breastfed, duration of breastfeeding the first child, and lifetime duration of breastfeeding. Since earlier studies suggest that age at lactation may impact the risk of breast cancer, we presented the data by age at first and at last lactation.
Unconditional logistic regression was used to estimate the association between various aspects of breastfeeding and breast cancer risk, and to control for potential confounders. Variables included in the final model include: age (as a continuous variable), body mass index (<21.0, 21.0-24.9, ≥25.0 kg/m 2 ), age at first full-term pregnancy (<20, 20-25, ≥26 years), number of live births (1, 2, ≥3), dietary fat intake in grams day -1 (<46, 47-71, ≥72), income 10 years before disease diagnosis or interview (<$20 000, $20 000-24 999, ≥$25 000), race (whites, blacks/others), education (1-12, 13-15, ≥16 years); family breast cancer history, and study site (YNHH and Tolland County). We kept these major risk factors in the final model while most of them, except age, did not bring a material change to the risk estimates (the usual 10% rule), because some of the earlier studies have been criticised for not being able to adjust for these potential confounders, and we want to be certain that the known risk factors included in our analyses did not confound the estimates. Odds ratios (OR) and 95% confidence intervals were calculated using SAS statistical software (SAS Institute, 1990) . Tests for trend were conducted by using a likelihood ratio statistic in a logistic regression model.
RESULTS
The distribution of the selected characteristics of breast cancer cases and controls is presented in Table 1 . Compared with the controls, cases were slightly older despite an attempt at matching, therefore, age was controlled for in all analyses. Cases also had higher body mass index, later age at first full-term pregnancy and higher dietary fat intakes. A positive family history of breast cancer was associated with a borderline significantly increased risk of breast cancer. These observations are generally in line with what is known about breast cancer aetiology.
Breastfeeding was reported by 42% of the breast cancer cases and 48% of the controls, which gave a covariate-adjusted OR of 0.83 (95% CI, 0.63-1.09, Table 2 ). Further stratification by menopausal status showed a nonsignificant 28% (OR = 0.73, 95% CI, 0.40-1.31) risk reduction for those reporting ever breastfeeding among premenopausal women. Among postmenopausal women, the corresponding covariate-adjusted OR was 0.91 (95% CI, 0.66-1.26).
The number of children breastfed showed a generally inverse association with breast cancer risk. An OR of 0.53 (95% CI, 0.27-1.04) was observed among those reporting to have breastfed more than 3 children when compared with those who never had breastfed. The corresponding OR was 0.43 (95% CI, 0.07-2.57) for premenopausal women and 0.56 (95% CI, 0.27-1.18) for postmenopausal women.
Duration of breastfeeding for the first live birth was significantly inversely associated with breast cancer risk. For women who reported breastfeeding their first child for more than 13 months, the OR was 0.47 (95% CI, 0.23-0.94) when compared to those who never breastfed. Stratification by menopausal status also showed a risk reduction among both premenopausal (OR = 0.53, 95% CI, 0.18-1.56) and postmenopausal women (OR = 0.46, 95% CI, 0.17-1.25) although the association was no longer statistically significant due to a diminished sample size after stratification.
Lifetime duration of breastfeeding also showed a risk reduction, particularly among premenopausal women. However, none of the ORs were statistically significant. For women who reported a lifetime history of breastfeeding for more than 13 months, the OR was 0.74 (95% CI, 0.36-1.52) for premenopausal women and 0.88 (95% CI 0.54-1.41) for postmenopausal women when compared to those who never breastfed.
Age at first or last period of lactation was not consistently associated with breast cancer risk (Table 3) . Among postmenopausal women, a 43% (OR = 0.57, 95% CI, 0.25-1.29) nonsignificant risk reduction was observed for those who reported the first period of breastfeeding as occurring before age 25. Among postmenopausal women, however, a nonsignificant 55% (OR = 0.45, 95% CI, 0.17-1.19) risk reduction was observed for those who reported the first period of breastfeeding as occurring at age 35 and over. There is no clear risk pattern associated with age at last lactation.
DISCUSSION
The results from this study suggest an inverse association between breastfeeding and breast cancer risk. The relationship, however, seems more consistent among premenopausal women, and stronger among those who breastfed more than 3 children and whose duration of breastfeeding was longer, particularly with regard to breastfeeding their first child.
Several mechanisms have been proposed to support a reduced risk of breast cancer associated with prolonged lactation (Freudenheim et al, 1997; Furberg et al, 1999; Newcomb et al, 1999) , these include (1) a reduced exposure to the cyclic hormones of reproductive life due to ovulatory suppression occurring with prolonged breastfeeding; (2) a protective effect from direct physical changes in the breast that accompany milk production; (3) a reduction in the concentrations of toxic organochlorines in the breast with increasing cumulative duration of lactation; and (4) an expression of transforming growth factor-β during lactation, a hormonally regulated negative growth factor in human breast cancer cells.
As discussed earlier, however, the relationship between breastfeeding and breast cancer risk according to menopausal status has Odds ratios for each selected characteristic were adjusted for all other selected characteristics listed in Table 1 .
been inconsistent in the literature. It is unclear how one might explain the contradictory findings. Stuver et al (1997) have suggested that recall bias between pre-and postmenopausal women may account for those studies that did not observe an inverse association among postmenopausal women. They have pointed out that the possible misclassification of breastfeeding history is more likely for the older postmenopausal women than for the younger premenopausal women. While the misclassification of breastfeeding history may not be differential by case-control status, the greater degree of nondifferential misclassification of breastfeeding history for the older women may obscure a relatively weak inverse association existing in postmenopausal women.
A major reason for the discrepant findings of earlier studies may be related to the generally shorter duration of lactation in Western populations. A protective effect associated with a longer duration of breastfeeding has been quite consistently reported in countries where the prevalence of prolonged breastfeeding is high (Tao et al, 1988; Yuan et al, 1988; Wang et al, 1992; Yoo et al, 1992; Hirose et al, 1995; Romieu et al, 1996; Zheng et al, 2000a) . For example, 4 studies from China (Tao et al, 1988; Yuan et al, 1988; Wang et al, 1992; Zheng et al., 2000a) , where more than half the women lactate for at least 3 years, suggest that long-term lactation is protective among both pre-and postmenopausal women. It will be very interesting to see if the risk will change for the new generations in China who tend to marry later, and who have been ), age at first full-term pregnancy (<20, 20-25, ≥26 years), number of live births (1, 2, ≥3), dietary fat intake in grams/day (<46, 47-71, ≥72), income 10 years before disease diagnosis or interview (<$20 000, $20 000-24 999, ≥$25 000), race (whites, blacks/others), education (1-12, 13-15, ≥16 years), family breast cancer history, and study site (YNHH, and Tolland County). ), age at first full-term pregnancy (<20, 20-25, ≥26 years), number of live births (1, 2, ≥3), dietary fat intake in grams/day (<46, 47-71, ≥72), income 10 years before disease diagnosis or interview (<$20 000, $20 000-24 999, ≥$25 000), race (whites, blacks/others), education (1-12, 13-15, ≥16 years), family breast cancer history, and study site (YNHH, and Tolland County). subjected to the one-child policies implemented in the past decade, particularly in the large cities.
In interpreting the results from our current study, several potential limitations need to be considered. A potential concern is the study sample size that is relatively small, particularly after stratification by menopausal status. Another potential concern is the use of benign breast disease patients as part of the control group, and that the risk of benign breast disease may be inversely associated with breastfeeding. This seems unlikely since the observed proportion of subjects breastfeeding in this population is remarkably similar to that reported by other study populations (Furberg et al, 1999) .
In summary, an inverse association between breastfeeding and breast cancer risk was found in this study among both pre-and postmenopausal women. It should be noted, however, that despite the tremendous effort that has been made, the relationship between various aspects of breastfeeding and subsequent breast cancer risk continues to be as controversial as ever. Considering the fact that breastfeeding is one of the few potentially modifiable factors in preventing breast cancer, the suggested protective effect from breastfeeding and the proposed carcinogenic mechanisms merit further investigation.
